The Veterinary Diagnostic Laboratory at Oregon State University received 172 aborted ovine fetuses during the 1985-1987 lambing seasons; from 120 of these, body fluids were evaluated for levels. Fifty-two (43%) of the fetal fluids had immunoglobulin G (IgG) levels greater than 15 mg/dl. Forty-five (87%) of the fluids with elevated levels were confirmed or presumed toxoplasma or Chlamydia abortions. A mean fetal fluid concentration of 111.5 ± 78 mg/dl was found for the 26 toxoplasma abortions; for the 19 Chlamydia abortions, a mean concentration of 109 ± 91 mg/dl was found. Antibody titers equal to or greater than 1:40 against Toxoplasma gondii were detected in 23 fetal fluids. Fetal fluid concentration less than 15 mg/dl was found to be associated with bacterial organisms (i.e., Campylobacter sp.) as the confirmed or presumed cause of abortion. These results suggest that measurement of fetal fluid concentration is a useful, supportive diagnostic test in determining the cause of ovine abortion, and should be included as a routine laboratory procedure for ovine abortion diagnosis.
Ovine abortion represents a significant economic loss. 2, 8, 12, 19 The major causes of ovine abortion recognized in the United States are Campylobacter sp., Chlamydia psittaci, Toxoplasma gondii, and a variety of miscellaneous organisms. lo Thirty to forty percent of these cases are not diagnosed when veterinary diagnostic laboratories receive optimum fetal specimens (fetus, placenta, and maternal serum samples). 8 Little research has been done to improve this diagnostic rate. Diagnoses are currently based on results obtained by the use of standard laboratory techniques. Fetal body fluid or serum analysis is recognized as a useful diagnostic test in bovine abortions. 5, 6, 11, 15, 17 Few reports have addressed the usefulness of ovine fetal fluid analyses as a supportive diagnostic test for the diagnosis of ovine abortion. 4, 9, 15 The objective of this study was to measure fetal fluid immunoglobulin G (IgG) concentration and to correlate this with other laboratory data in an attempt to determine the diagnostic significance of this measure-serum available for analysis were included in this study. A routine abortion screen 9 was used when appropriate tissues or specimens were available. This screen included necropsy, bacteriology, dark-field microscopy of stomach contents, examination of Giminez-stained impression smears of placenta and spleen for Chlamydia elementary bodies, fetal and/or maternal serology, and histopathology.
Bacteriology. Fetal stomach contents, liver, lung, and placental cotyledons were routinely cultured on 5% sheep blood agar, MacConkey's agar, and Campylobacter agar, a and incubated at 37 C in a 5% CO, atmosphere and microaerophilically at 42 C for 48-72 hr. In selected cases that were not confirmed but were suspicious for chlamydiosis, embryonated eggs were inoculated with placenta and/or fetal tissues.
determinations. Pooled peritoneal and thoracic fluids
or fetal heart serum were tested for levels using single radial immunodiffusion methods. 7, 13 Serology. Fetal fluids with levels greater than 15 mg/ dl were tested for Leptospira antigens (L. hardjo, L. pomona, L. gryppotyphosa, L. icterohemorrhagica, and L. canicola) by routine microscopic agglutination procedures. 19 Likewise, ment. fetal fluid antibody titers to T. gondii were determined using Materials and methods direct agglutination procedures. 3 A complement-fixation test for Chlamydia psittaci antibody titer was done on the same Specimens. One hundred seventy-two ovine fetuses or fetal fluids. When maternal serum was available, it was tested fetal tissues were submitted to the Veterinary Diagnostic for antibody titers to Leptospira sp., T. gondii, and Chla-Laboratory (VDL) at Oregon State University during the mydia psittaci similar to fetuses. Maternal antibody titers to 1985-1986 and 1986-1987 lambing seasons (December-other selected etiologic agents (i.e., bluetongue virus) were April). All ovine submissions (120) that had fetal fluids or completed as needed.
Histopathology. Fetal lung, liver, kidney, thymus, spleen, From the Veterinary Diagnostic Laboratory, College of Vet-brain, adrenal, thyroid, heart, tongue, and biceps femoris erinary Medicine, Oregon State University, Corvallis, OR 9733l-were fixed in 10% neutral buffered formalin for routine his- 
Results
Of the 172 total ovine fetuses received by the VDL, 113 (66%) were diagnosed to have been aborted because of a confirmed or presumed infectious etiology or to be marginal or deficient in selenium (less than 1.0 ppm, dry weight)? From these submissions, 120 fetal fluids were tested for IgG concentration. Fiftytwo (43%) fetal fluid samples had IgG concentrations greater than 15 mg/dl, and 68 contained less than 15 mg/dl. IgG concentrations greater than 15 mg/dl. A summary of presumed or confirmed diagnoses of ovine abortion associated with fetal fluid IgG concentration greater than 15 mg/dl is shown in Table 1 . Fetal fluid IgG concentration (mean ± SD [mg/dl] and range [mg/ dl]) found to be associated with each abortifacient condition is as follows: toxoplasma-112 ± 78, range 25-200; chlamydia-109 ± 91, range 17-400; and idiopathic-67 ± 90, range 25-200.
Antibody titers equal to or greater than 1:40 against toxoplasma were detected in 23 of 26 fetal fluids. A presumptive diagnosis of toxoplasmosis was made in the remaining 3 cases because of typical histopathology lesions of a granulomatous encephalitis in 1 fetus; 2 fetuses were from flocks in which toxoplasmosis was confirmed. Sixteen of the fetuses in which toxoplasmosis was diagnosed had histologic lesions of a granulomatous encephalitis or a placentitis (Table 1) . Also, in 8 of these fetuses, organisms compatible with toxoplasmosis were seen. Fetal fluid antibody titers to toxoplasma were elevated in 15 fetuses. Eight fetuses did not have histologic evidence of toxoplasmosis, but fetal fluid antibody titers to the organism were detected. For 2 fetuses, histopathology was not done. Few maternal serum samples were available for testing, but of the 3 received, all had a titer of 1:4,000 against toxoplasma. Bacterial cultures from all fetuses were negative.
Chlamydia1 elementary bodies were found on pla-Four intact fetuses and 3 placentas were diagnosed as idiopathic because all laboratory examinations were negative ( Table 1 ).
Campylobacter sp. was isolated from 2 fetuses (Table   1 ). In 1 fetus, histologically there was a placentitis and purulent bronchopneumonia supportive of this diagnosis; all other laboratory examinations were negative. The placenta was not received for histopathology or smears for the other fetus. Maternal sera were not received for fetuses of this group. In 1 fetus, Escherichia coli was recovered in high numbers from multiple fetal tissues and placenta. Histologically, there was a placentitis, and all other laboratory examinations were negative.
IgG concentrations equal to or less than 15 mg/dl.
A summary of suspected or confirmed diagnoses of ovine abortion associated with fetal fluid IgG concentration less than 15 mg/dl is shown in Table 2 . Twentynine fetuses were diagnosed with a presumed or confirmed infectious etiology. Histologically, a placentitis and/or a bronchopneumonia or hepatitis were found in all fetuses except for 1 fetus whose dam had an elevated Leptospira pomona antibody titer (1:800). In all fetuses except for 2 that were submitted without placentas, Giminez-stained placental smears were negative. Fetuses were diagnosed as having presumed campylobacteriosis even though this organism was not isolated because fetuses were either from a flock in which this diagnosis was confirmed or the histologic changes, other laboratory data, history, or vaccination status were compatible with this diagnosis. All fetuses with an undetermined diagnosis had histologic evidence of tissue inflammation suggesting an infection, but all other laboratory tests were negative.
Thirty-nine fetuses were designated as idiopathic abortions. These fetuses had fluid IgG levels of 15 mg/ dl or less, no significant histological changes in fetal tissues, and bacteriologic cultures and Giminez-stained placental smears that were negative. or deficient levels of liver selenium associated with different abortifacient conditions and concentration of IgG are as follows: 2 toxoplasma, 3 Chlamydia, and 7 infectious etiology for IgG concentrations greater than 15 mg/dl and 4 idiopathic for IgG equal to or less than 15 mg/dl.
Toxicology. The numbers of fetuses with marginal

Discussion
The results suggest that measurement of fetal fluid IgG is a useful test when considered with other laboratory data and is recommended as a routine procedure for evaluating ovine abortions. The test improves the overall diagnostic rate of ovine abortion. The markedly elevated levels of fetal fluid IgG found in fetuses infected with toxoplasma or Chlamydia in this study suggest that these agents induce a strong immunologic response in the fetus. 4, 14, 15, 18 Accordingly, when fetal fluid IgG concentration is greater than 20 mg/dl, the data suggest that fetal fluid toxoplasma antibody titer should be determined. In this study, 8 fetal abortions would have been misdiagnosed as idiopathic if fetal toxoplasma serology had not been done, because these fetuses lacked histologic lesions suggestive of toxoplasmosis. Furthermore, if fetal fluid IgG is greater than 20 mg/dl, and the toxoplasma antibody titer is negative but a placentitis is present, then the results would indicate chlamydiosis as the most likely diagnosis. Yet, if fetal fluid IgG is less than 20 mg/dl, and fetal inflammatory lesions are detected (i.e., placentitis), our results suggest that a bacterial organism, especially Campylobacter sp., should be considered. Elevated IgG in fetuses with all other laboratory tests negative suggests that these fetuses have been immunologically stimulated, possibly by an infectious agent. Therefore, the flock should be tested further.
Intrafetal inoculation with Chlamydia psittaci re-sulted in fetal serum IgG levels of 130 mg/dl, which is near the mean of 109 mg/dl found in this study. l8 In bovine fetuses, IgG levels of 74-591 mg/dl have been found to be associated with Chlamydia. l5 Ovine fetal serology for toxoplasmosis has been reported to be a specific diagnostic test. 4, 14 Yet, fetal fluid negative for antibody to toxoplasmosis does not preclude a diagnosis of toxoplasmosis. 12, 14 In this study, 3 abortions diagnosed as caused by toxoplasmosis based upon their histologic changes had markedly elevated fluid IgG levels but negative toxoplasma titers. Available data suggest bacterial organisms such as Campylobacter sp. may cause fetal death and abortion before ovine fetuses respond immunologically. Fetuses from ewes experimentally inoculated with Campylobacter jejuni at 114 and 123 days of gestation did not have detectable IgG levels in body fluids even though fetuses were mature enough to respond immunologically. 9, 18 Concentrations of IgG from normal ovine fetuses vary depending upon stage of gestation; for example, at 56 days of gestation they have 11 mg/dl of IgG versus 22 mg/dl at birth. l8
